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Abstract 

Al-Mustfa, Shatha Muhsen. The Glass Excavated from Umm el-Jimal 

Archaeological Site during 2012 and 2013 Seasons: An Analytical and 

Comparative Study. 

This thesis presents a descriptive, comparative and analytical study of 

twenty samples of Byzantine period glass discovered at Umm el-Jimal 

site in the Northeast of Jordan. 

Glass samples were collected from four areas in Umm el-Jimal, Saint 

Mary Church, North Cemetery, the Cathedral and the Dual Church, and 

then analyzed using Electron Probe Microanalyser technique aiming to 

study the chemical composition of the samples and classify than , and 

trying to identify the source of the raw materials used in their 

manufacture. 

The results show that the glass es are Soda-Lime-Glass, where the 

average of silica is 70.53%, of soda is 13.93%, of lime is 8.25%, and 

there are 15 samples of Levantine I and 5 samples of Levantine II type. 

These samples are characterized by concentrations of potassium and 

magnesium lower than 2%, which means that the alkaline used is the 

natron salt from Egypt. 



 
 

 Comparing the results of this study to the results of previous studies of 

Byzantine glass samples taken from other sites (Beit Ras, Al Fudein and 

Petra), high symmetry and sameness appeared in oxides the four sites 

showed consistence results of the chemical analyses and all glass are 

Soda-Lime-Glass. 

It can be concluded that the manufacture of the glasses might took 

place by importing blocks of raw glass that was produced in primary 

workshops near the sources of raw materials (sand and alkali) in Egypt 

and Palestine (Freestone 2005), and then re-melted and shaped in 

secondary workshops in Umm el-jimal, Jordan. 
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±0.017 
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0.015 
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0.529 
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±0.014 

0.92 
±0.013 

3.15 
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±0.023 
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0.038 
±0.009 

0.31 
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±0.041 

3.908 
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±0.023 

0.41 
±0.013 

2.57 
±0.037 

0.033 
±0.016 

0.262 
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0.004 
±0.004 
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0.017 
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±0.033 
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±0.009 

0.016 
±0.019 

0.849 
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3.13 
±0.045 

0.034 
±0.027 

0.104 
±0.014 

17 15.35 
±0.091 

0.007 
±0.008 

0.139 
±0.025 

68.73 
±0.196 

0.353 
±0.018 

1.117 
±0.019 

0.485 
±0.005 

0.017 
±0.015 

0.81 
±0.022 

2.87 
±0.034 

0.028 
±0.013 

0.13 
±0.016 

18 13.44 
±0.106 

0.006 
±0.009 

0.03 
±0.008 

73.85 
±0.121 

0.018 
±0.011 

0.491 
±0.02 

0.441 
±0.013 

0.016 
±0.022 

0.819 
±0.019 

3.12 
±0.024 

0.029 
±0.014 

0.077 
±0.014 

19 14.95 
±0.1 

0.006 
±0.007 

0.159 
±0.015 

68.26 
±0.208 

0.076 
±0.008 

1.09 
±0.014 

0.68 
±0.013 

0.011 
±0.023 

0.733 
±0.025 

3.19 
±0.016 

0.026 
±0.019 

0.113 
±0.011 

20 13.51 
±0.14 

0.001 
±0.003 

0.046 
±0.015 

72.28 
±0.33 

0.014 
±0.009 

0.512 
±0.019 

0.49 
±0.02 

0.003 
±0.006 

0.872 
±0.029 

3.16 
±0.054 

0.021 
±0.015 

0.056 
±0.016 

 

 

 

 

 



 
 

No. NiO CaO TiO2 SnO2 V2O3 CuO CoO FeO PbO Sb2O5 SrO Total 
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0.002 
0.003 

9.95 
0.23 

0.08 
0.01 

0.01 
0.012 

0.005 
0.006 

0.001 
0.003 

0.005 
0.008 

0.397 
0.022 

0.01 
0.01 

0.002 
0.005 

0.098 
0.039 

99.04 
0.29 

2 0 7.93 
0.13 

0.05 
0.01 

0.007 
0.009 

0 0.006 
0.008 

0.003 
0.006 

0.306 
0.023 

0.01 
0.01 

0 0.137 
0.043 

99.22 
0.159 

3 0.008 
0.009 

7.68 
0.08 

0.06 
0.01 

0.002 
0.006 

0.004 
0.006 

0.013 
0.016 

0.001 
0.002 

0.298 
0.027 

0.01 
0.01 

0.004 
0.011 

0.102 
0.056 

99.13 
0.086 

4 0.006 
0.009 

8.53 
0.12 

0.06 
0.01 

0.002 
0.006 

0.002 
0.002 

0.003 
0.005 

0.005 
0.012 

0.338 
0.043 

0.01 
0.01 

0 0.089 
0.025 

99.34 
0.12 

5 0.006 
0.009 

6.08 
0.04 

0.07 
0.01 

0.002 
0.005 

0.008 
0.006 

0.005 
0.009 

0.001 
0.003 

0.357 
0.031 

0.01 
0.01 

0.001 
0.002 

0.089 
0.053 

99.15 
0.25 

6 0.004 
0.006 

6.27 
0.09 

0.09 
0.01 

0.005 
0.011 

0.002 
0.004 

0.009 
0.017 

0.004 
0.005 

0.398 
0.033 

0.01 
0.02 

0 0.124 
0.027 

99.11 
0.29 

7 0.005 
0.006 

6.30 
0.05 

0.07 
0.01 

0.005 
0.007 

0.002 
0.002 

0.02 
0.025 

0.003 
0.007 

0.419 
0.019 

0 0 0.118 
0.023 

99.52 
0.18 

8 0.002 
0.003 

10.2 
0.54 

0.09 
0.01 

0.008 
0.011 

0.004 
0.004 

0.006 
0.011 

0.006 
0.009 

0.521 
0.044 

0.02 
0.02 

0 0.123 
0.034 

99.24 
0.14 

9 0 8.86 
0.07 

0.07 
0.01 

0.003 
0.006 

0.006 
0.006 

0.011 
0.009 

0.003 
0.008 

0.463 
0.019 

0.03 
0.02 

0.003 
0.007 

0.115 
0.044 

99.28 
0.27 

10 0.005 
0.006 

9.47 
0.09 

0.07 
0.09 

0.018 
0.014 

0.004 
0.004 

0 0.003 
0.004 

0.332 
0.031 

0.01 
0.01 

0.001 
0.003 

0.116 
0.046 

99.15 
0.24 

11 0.004 
0.006 

9.21 
0.05 

0.07 
0.02 

0.006 
0.008 

0.003 
0.004 

0.009 
0.017 

0.009 
0.009 

0.439 
0.013 

0.01 
0.01 

0 0.101 
0.047 

99.54 
0.22 

12 0.008 
0.008 

7.39 
0.09 

0.12 
0.01 

0.002 
0.005 

0.004 
0.005 

0.082 
0.021 

0 0.804 
0.019 

0.04 
0.01 

0 0.094 
0.06 

99.63 
0.27 

13 0.003 
0.004 

8.9 
0.12 

0.09 
0.01 

0.006 
0.011 

0.006 
0.009 

0.014 
0.015 

0.007 
0.007 

0.487 
0.031 

0.01 
0.01 

0.001 
0.003 

0.107 
0.054 

99.73 
0.24 

14 0.003 
0.006 

8.11 
0.09 

0.07 
0.01 

0.013 
0.008 

0.003 
0.004 

0 0.004 
0.008 

0.43 
0.017 

0.01 
0.01 

0 0.123 
0.048 

99.48 
0.29 

15 0.005 
0.008 

7.44 
0.13 

0.14 
0.01 

0.2 
0.009 

0.004 
0.007 

3.22 
0.135 

0.001 
0.003 

2.48 
0.077 

0.49 
0.02 

0 0.114 
0.041 

99.87 
0.31 

16 0.002 
0.003 

9.07 
0.07 

0.07 
0.01 

0.007 
0.009 

0.002 
0.004 

0.009 
0.009 

0 0.42 
0.024 

0.01 
0.01 

0 0.103 
0.029 

99.33 
0.24 

17 0.003 
0.006 

8.72 
0.12 

0.07 
0.01 

0.007 
0.014 

0.002 
0.003 

0.028 
0.024 

0.003 
0.005 

0.37 
0.017 

0.01 
0.01 

0 0.13 
0.05 

99.18 
0.25 

18 0.003 
0.008 

6.51 
0.06 

0.07 
0.01 

0.003 
0.005 

0.003 
0.005 

0.004 
0.008 

0 0.39 
0.04 

0.02 
0.01 

0 0.105 
0.062 

99.27 
0.103 

19 0.006 
0.009 

9.31 
0.08 

0.07 
0.01 

0.004 
0.004 

0.003 
0.004 

0.015 
0.019 

0.0004 
0.001 

0.43 
0.013 

0.07 
0.01 

0.0001 
0.0004 

0.097 
0.05 

99.14 
0.32 

20 0.005 
0.01 

7.95 
0.07 

0.06 
0.01 

0.002 
0.005 

0.005 
0.007 

0.009 
0.016 

0.002 
0.006 

0.29 
0.023 

0.01 
0.01 

0 0.133 
0.047 

99.25 
0.24 



 
 

 4.2.1

 

S.No. SiO2 Na2O K2O CaO MgO Al2O3 PbO MnO SnO2 Sb2O5 FeO CuO 

7 74.74 12.77 0.55 6.30 0.42 3.39 0.003 0.015 0.005 0 0.149 0.02 

9 69.28 14.48 0.92 8.86 0.68 2.85 0.028 0.585 0.003 0.003 0.463 0.01 

12 71.56 13.22 0.89 7.39 0.97 3.66 0.038 0.104 0.002 0 0.804 0.08 

14 71.62 13.84 0.68 8.11 0.53 3.15 0.007 0.015 0.013 0 0.43 0 

%Avg 71.8 13.58 0.76 7.67 0.65 3.26 0.019 0.179 0.006 0.001 0.462 0.03 

 

S  No. Cr2O3 P2O5 ZnO Cl NiO TiO2 V2O3 BaO SO3 CoO SrO 

7 0.003 0.056 0.024 0.65 0.005 0.073 0.002 0.027 0.081 0.003 0.118 

9 0.004 0.145 0.008 0.77 0 0.074 0.006 0.041 0.122 0.003 0.115 

12 0.006 0.097 0.01 0.50 0.008 0.122 0.004 0.033 0.131 0 0.094 

14 0.005 0.08 0.009 0.92 0.003 0.071 0.003 0.027 0.049 0.004 0.123 

%Avg 0.005 0.095 0.013 0.71 0.004 0.085 0.004 0.032 0.096 0.003 0.113 

  



 
 

 4.2.2

S  No. SiO2 Na2O K2O CaO MgO Al2O3 PbO MnO SnO2 Sb2O5 FeO CuO 

1 68.36 14.28 1.21 9.95 0.52 3.17 0.012 0.011 0.01 0.002 0.39 0.001 

8 68.61 13.25 1.38 10.2 0.83 3.21 0.021 0.027 0.008 0 0.52 0.006 

11 69.72 14.82 0.59 9.21 0.612 3.08 0.007 0.015 0.006 0 0.44 0.009 

13 71.58 13.04 0.89 8.9 0.638 3.14 0.004 0.029 0.006 0.001 0.49 0.014 

16 69.71 14.55 0.69 9.07 0.561 3.13 0.005 0.017 0.007 0 0.42 0.009 

%Avg 69.59 13.98 0.95 9.47 0.632 3.15 0.0098 0.0198 0.0074 0.001 0.45 0.0078 

 

S  No. Cr2O3 P2O5 NiO TiO2 V2O3 CoO ZnO Cl BaO SO3 SrO 

1 0.006 0.299 0.002 0.08 0.005 0.005 0.20 0.64 0.025 0.081 0.098 

8 0.008 0.255 0.002 0.088 0.004 0.006 0.008 0.74 0.039 0.039 0.123 

11 0.002 0.119 0.004 0.069 0.003 0.009 0.006 0.80 0.017 0.078 0.101 

13 0.008 0.146 0.003 0.091 0.006 0.007 0.016 0.61 0.019 0.141 0.107 

16 0.004 0.149 0.002 0.071 0.002 0 0.016 0.849 0.034 0.104 0.103 

%Avg 0.0056 0.1936 0.0026 0.0798 0.004 0.0054 0.0492 0.7278 0.0268 0.0886 0.1064 

 



 
 

 4.2.3 

S  No. SiO2 Na2O K2O CaO MgO Al2O3 PbO MnO SnO2 Sb2O5 FeO CuO 

2 71.94 13.81 0.52 7.93 0.48 3.17 0.008 0.014 0.007 0 0.306 0.006 

3 73.27 12.84 0.52 7.68 0.47 3.09 0.005 0.013 0.002 0.004 0.298 0.013 

10 70.39 13.66 0.38 9.47 0.62 3.19 0.007 0.018 0.018 0.001 0.332 0 

17 68.73 15.35 1.12 8.72 0.49 2.87 0.008 0.353 0.007 0 0.37 0.028 

%Avg 71.08 13.92 0.63 8.45 0.51 3.08 0.007 0.099 0.0085 0.001 0.3265 0.012 

 

S  No. Cr2O3 P2O5 ZnO Cl BaO NiO TiO2 V2O3 CoO SO3 SrO 

2 0.003 0.052 0.011 0.899 0.019 0 0.054 0 0.003 0.057 0.137 

3 0.003 0.065 0.009 0.753 0.026 0.008 0.056 0.004 0.001 0.071 0.102 

10 0.005 0.037 0.009 0.86 0.022 0.005 0.067 0.004 0.003 0.121 0.116 

17 0.007 0.139 0.017 0.81 0.028 0.003 0.069 0.002 0.003 0.13 0.13 

%Avg 0.005 0.073 0.012 0.831 0.024 0.004 0.0615 0.0025 0.003 0.095 0.121 

 



 
 

4.2.4

S No. SiO2 Na2O K2O CaO MgO Al2O3 PbO MnO SnO2 Sb2O5 FeO CuO 

4 69.71 15.36 0.78 8.53 0.51 2.92 0.004 0.023 0.002 0 0.34 0.003 

5 73.66 14.11 0.44 6.08 0.43 3.07 0.007 0.01 0.002 0.001 0.36 0.005 

6 74.59 12.61 0.52 6.27 0.43 3.36 0.012 0.018 0.005 0 0.39 0.009 

18 73.85 13.44 0.49 6.51 0.44 3.12 0.018 0.018 0.003 0 0.39 0.004 

19 68.26 14.95 1.09 9.31 0.68 3.19 0.072 0.076 0.004 0.0001 0.43 0.015 

20 72.28 13.51 0.51 7.95 0.49 3.16 0.013 0.014 0.002 0 0.29 0.009 

%Avg 72.06 13.99 0.64 7.44 0.49 3.14 0.021 0.027 0.003 0.0002 0.37 0.008 

 

S  No. Cr2O3 P2O5 ZnO Cl BaO NiO TiO2 V2O3 CoO SO3 SrO 

4 0.005 0.099 0.005 0.85 0.029 0.006 0.063 0.002 0.005 0.19 0.089 

5 0.007 0.039 0.008 0.78 0.033 0.006 0.065 0.008 0.001 0.11 0.089 

6 0.005 0.052 0.013 0.64 0.026 0.004 0.085 0.002 0.004 0.07 0.124 

18 0.006 0.03 0.016 0.82 0.029 0.003 0.07 0.003 0 0.08 0.105 

19 0.006 0.159 0.011 0.73 0.026 0.006 0.068 0.003 0.0004 0.11 0.097 

20 0.001 0.046 0.003 0.87 0.021 0.005 0.055 0.005 0.002 0.06 0.133 

%Avg 0.005 0.071 0.009 0.78 0.027 0.005 0.068 0.004 0.0021 0.10  0.106 

 



 
 

 4.3

Soda-Lime-Glass

Freestone et al 2000

SiO2CaO

K2O

Soda-Lime Glass

Potassium 

CarbonateTal et al 2008



 
 

SiO2 Na2OCaO

Soda-

lime- glassLevantine ILevantine II

1,2,4,8,9,10,11,12,13,14,15,16,17,19,20

Levantine I

3,6,7,18

Levantine II

Freestone 2005: 197



 
 

Oxide Levantine II 
Bet Eli'ezer 

Levantine I 
Apollonia 

Egypt II 
Ashmunein 

Roman 
blue-green 
Leicester 

 
SiO2 74.9 70.6 68.2 70.7* 

Na2O 12.1 15.2 15.0 18.4 

K2O 0.46 0.71 0.2 0.69 

CaO 7.16 8.07 10.8 6.43 

MgO 0.63 0.63 0.5 0.55 

Al2O3 3.32 3.05 2.1 2.33 

FeO 0.52 0.35 0.7 0.60 

MnO <0.1 <0.1 0.2 0.26 

Soda-Lime-glassFreestone 2005

LimeCaO

Freestone 2005: 197

Na2O

K2O MgO



 
 

Arletti et al 2009: 

102

K2O

Stern 

and Graber, 2004 

Mg-K

Al2O3



 
 

Cr2O5, P2O5, 

ZnO, BaO, SO3, NiO, TiO2, SnO2, V2O3, PbO, Sb2O5, Cl, SrO

Sr-Ti

Hierarchical Cluster Analysis



 
 

Sr-Ti

Hierarchical Cluster Analysis

 



 
 

4.4

Fe3+

Mn2+

MnO2+

Newton and Davison, 1989

MnO3+

FeO

CuO+

FeO

Henderson et al, 2004

FeO2+Goffer, 1980



 
 

Fe2O

CuO2+CoO2+

Henderson et al, 2004

FeO2+FeO3+

Goffer, 1980

 4.5

 

X-Ray-Fluorescence

SiO2Na2O

CaO



 
 

Soda-Lime-Glass

Levantine I 

Levantine II

Levantine ILevantine II

S.N Fe2O3 MnO TiO2 CaO K2O P2O5 SiO2 Al2O MgO Na2O 
1 0.74 0.04 0.12 5.12 0.81 0.15 69.80 0.43 2.9 18.30 
2 0.57 0.02 0.09 8.54 1.02 0.18 71.80 2.77 0.51 13.80 
3 0.79 0.02 0.09 7.17 0.48 0.04 73.50 2.65 0.50 14.00 
4 0.54 0.02 0.08 9.35 0.80 0.14 68.90 2.50 0.51 15.60 
5 0.6 0.05 0.09 10.10 0.73 0.15 70.30 2.70 0.69 13.60 
6 0.65 0.02 0.10 6.02 0.63 0.06 75.20 2.93 0.46 12.80 
7 0.72 0.05 0.13 8.11 0.78 0.18 74.00 2.66 0.51 12.30 
8 1.06 0.02 0.10 8.03 0.62 0.11 71.00 3.04 0.52 12.90 

Avg% 0.70 00 0.1 7.8 0.7 0.1 71.80 2.5 0.7 14.20 

 

AAS

SiO2

Na2O



 
 

CaO

Soda-Lime-Glass

Levantine I Levantine II

 Levantine I

S.N SiO2 Na2O K2O CaO Fe2O3 MgO MnO Al2O3 P2O5 TiO2 

21 70.82 14.15 0.68 8.84 0.55 0.49 0.02 3.09 0.17 0.07 
22 70.84 14.01 0.74 8.74 0.48 0.56 0.01 3.13 0.24 0.01 
23 70.55 14.96 0.52 8.95 0.51 0.59 0.01 2.97 0.11 0.06 
24 70.88 14.66 0.53 9.11 0.51 0.57 0.03 3.13 0.34 0.13 
25 71.06 14.27 0.71 8.67 0.53 0.47 0.02 3.27 0.16 0.11 
26 70.65 14.07 0.87 8.62 0.49 0.44 0.03 3.07 0.13 0.09 
27 71.06 14.89 0.66 8.75 0.46 0.49 0.01 3.12 0.10 0.07 
28 70.65 14.35 0.46 9.02 0.53 0.53 0.03 2.98 0.17 0.07 
29 70.74 15.21 0.74 8.74 0.48 0.56 0.01 2.91 0.24 0.10 
30 69.83 15.42 0.57 8.95 0.51 0.49 0.03 3.14 0.11 0.06 
31 70.74 15.24 0.53 8.21 0.60 0.52 0 3.51 0.34 0.09 
32 71.08 14.98 0.71 8.92 0.53 0.49 0.03 2.94 0.16 0.11 
33 70.15 15.47 0.73 8.67 0.50 0.47 0.03 3.47 0.13 0.10 
34 71.36 15.09 0.56 8.35 0.46 0.55 0.02 3.22 0.1 0.06 
35 70.11 15.65 0.76 9.22 0.51 0.48 0.03 2.96 0.17 0.07 
36 70.44 15.24 0.54 8.7 0.48 0.50 0 3.09 0.24 0.10 
37 70.55 15.15 0.46 8.91 0.45 0.49 0.01 2.85 0.11 0.06 
38 69.94 15.08 0.59 9.02 0.61 0.52 0.05 3.23 0.34 0.08 
39 70.98 14.97 0.74 9.17 0.53 0.49 0.05 3.17 0.16 0.11 
40 70.65 15.48 0.63 8.82 0.47 0.47 0.04 3.03 0.31 0.09 

Avg% 70.65 14.19 0.63 8.86 0.50 0.50 0.02 3.11 0.18 0.08 
Abd-Allah, 2010



 
 

 

Electronprobe Microanalysis

SiO2

Na2O

CaO

Soda-Lime-Glass

Marii, 2008



 
 

Levantine I Levantine II

 Levantine I
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 Electron probe microanalyser) 

 

 Soda-Lime-Glass

Freestone et  al (2008)

Levantine I Levantine 

II 



 
 

 

K2OMgO

Arletti et al 2009: 102 

Mg-K

 

 

 

 

 

P-Cr



 
 

Cr-P

S-Cr



 
 

Cr-S

Ba-Cr

Cr-Ba



 
 

 

Soda-Lime-glass

Levantine ILevantine I

Levantine IILevantine I

Levantine II 

 

Soda-Lime
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